This paper investigates empirically whether immigrant students in Switzerland perform poorly compared to their native counterparts and provides some explanations. Using a national sample of the 2000 PISA (Programme for International Student Assessment) database, we first analyze the impact of immigrant status on pupils' achievement. We find a negative and significant impact of immigrant status on test scores in reading, mathematics and science literacy, even after controlling for a set of characteristics. We then decompose the observed reading score gap between Swiss and immigrant students to identify whether gaps in endowments explain test score differences along the distribution. Lower endowments explain most of the achievement gap in reading between Swiss and second-generation immigrants. However, lower returns explain around one quarter of the achievement gap between Swiss and first-generation immigrants for the weakest pupils.
Introduction
Over the last three decades, the share of immigrants in the OECD population almost doubled from just over 4.5% in 1975 4.5% in to 8.3% in 2005 4.5% in (Martin, 2008 . Despite marked differences across countries, concerns about immigration have increased in most of them. As a matter of fact, this phenomenon not only affects the labour market but also the educational system. Recent international student assessments show that the observed achievement gaps between immigrant students and their native counterparts are important and vary widely in international comparison (OECD, 2006) . This paper examines the educational performance of first and second-generation immigrant students in Switzerland. We specifically focus on reading, mathematics and science literacy in the last year of compulsory school (grade 9). Switzerland presents a particularly interesting profile to examine questions relative to immigrants. First, the country has one of the highest shares of the foreign-born population (22.6% in 2000) in the OECD while in countries such as France or Germany, the proportion of immigrants in the population is only about above 10% (OECD, 2008) . Second, the proportion of young people from immigrant families has been increasing for twenty years, from 14% in 1980 years, from 14% in to 21% in 2000 years, from 14% in (FSO, 2002 . Finally, while Switzerland has one of the highest gross domestic product per capita and also one of the highest cumulative expenditure on educational institutions per student among OECD countries, the PISA 2000 international ranking has pointed out unexpectedly poor results. The country is ranked 17 th out of 27 participating OECD countries in reading, 18 th in sciences and 7 th in mathematics (OECD, 2002) .
This paper addresses two main empirical questions. First, we aim to assess whether immigrant's students perform significantly better or worse than their Swiss counterparts, even after controlling for various characteristics. We use the national option to the 2000 PISA international database because reading literacy is the key domain. An educational production function (EPF) framework is used to evaluate the impact of migrant status on test scores.
The second key issue addressed in this paper concerns the hypothesis according to which lower performance of immigrant students are generally attributed to lower endowments. To address this issue, we focus our attention on the achievement gap in reading literacy between Swiss and immigrant students along the whole distribution of scores. One reason for doing so is that the achievement gap between Swiss and immigrants is decreasing along the distribution. We implement the Juhn, Murphy and Pierce (1993) decomposition in order to analyze between-group differences along the whole distribution.
This study expands on the existing empirical literature from at least three points of view. First, this work provides empirical evidence about immigrant students for Switzerland. Due to the important share of immigrants in Switzerland, we are able to investigate first and secondgeneration separately. Second, we provide results based on the national option to the PISA international sample. The advantage of using this national sample is that it contains only students in their last year of compulsory school (grade 9) while the international sample generally used in cross national comparisons is an age-based sample (15-year-old students). This is important as the international sample for Switzerland lumps together students from different grades because of the highly decentralized structure of the Swiss educational system. Third, we provide results not only focused at the mean (by estimating an EPF by OLS) but also along the whole distribution (by implementing the Juhn, Murphy and Pierce decomposition).
Two results of our analysis in particular stand out. First, we find a negative and significant impact of immigrant status on test scores in reading, mathematics and science literacy, even after controlling for individual characteristics, family background and schools characteristics. The negative impact of immigrant status is more important for first-generation immigrants than for second-generation immigrants. On average, speaking a language at home different from the language of the test is not more penalizing for immigrant students than for the Swiss. The Juhn, Murphy and Pierce decomposition also reveals interesting patterns. Lower endowments explain on average most of the achievement gap in reading between Swiss and second or first-generation immigrants. While there is no difference for second-generation immigrants between the weakest and the better half of students, this is not the case for firstgeneration immigrants. For the latter, lower returns explain around one quarter of the achievement gap for the weakest pupils.
A number of previous studies address the question of the impact of migrant status on test scores or on the gap in test scores between natives and immigrants. Some of them focus on the specific language hypothesis according to which immigrant student perform worse because they don't speak the language of the test. Using PISA 2000 in nine countries, Entorf and Minoiu (2005) argue that migrant students improve significantly their reading proficiency scores when the language spoken at home is the national language as opposed to some foreign language. Using three international databases (TIMSS 1995 and 1999 , PIRLS 2001 and PISA 2003 in ten OECD countries, Schnepf (2007) finds that language skills seem to explain immigrants' disadvantage in English-speaking countries whilst socioeconomic background and school segregation are further important determinants of immigrants' gap in Continental European countries. In a cross national context with eight high-immigration countries including Switzerland, Schnepf (2008) argues that language skills impact more on educational achievement at lower percentiles than at the top of the achievement distribution. Other studies provide empirical evidence for specific countries. Using an extended version of PISA 2000 data for Germany, Ammermueller (2007) finds that German students perform better than immigrants because they have a more favourable family background, particularly in the lower part of the test score distribution. However, the author does not distinguish between first and second-generation immigrants. Using a specific PISA 2000 sample for Copenhagen (Denmark), Rangvid (2007) finds that in schools attended by immigrant students, the culture of achievement appears less well developed. To date, there is little empirical evidence about the education of immigrants in Switzerland. One reason is the lack of data mainly due to the decentralized organization of the Swiss educational system. However, Bauer and Riphahn (2007) investigate the patterns of intergenerational education transmission for natives and second-generation immigrants with the 2000 Swiss Census. The authors argue that children disadvantaged by parental background have only limited opportunities to catch up educationally.
The remainder of the paper is organized into two parts. Section 1 focuses on the impact of immigrant status on reading, mathematics and science literacy. We start by presenting briefly the data and some specificities of the Swiss educational system. We then present the empirical strategy, some descriptive statistics and the results. Section 2 investigates the achievement gap between Swiss and immigrants in reading literacy. We first analysis graphically the achievement gap and then introduces the Juhn, Murphy and Pierce (JMP) methodology. We then present the results. Finally, the last section concludes with a discussion of the findings.
The impact of immigrant status on reading, mathematics and science literacy
The primary goal of this research is to quantify the impact of immigrant status on reading, mathematics and science literacy in Switzerland. This country presents a particularly interesting profile to examine questions relative to immigrants for the following reasons. First, Switzerland has the highest population share of foreigners in the OECD (OECD, 2003) . In 2000, about 20% of its resident population did not hold a Swiss passport, which is much more than in many traditional countries of immigration. Second, the proportion of young people from immigrant families has been increasing for twenty years, from 14% in 1980 years, from 14% in to 21% in 2000 years, from 14% in (FSO, 2002 . Consequently the effects on compulsory schooling are important and the Swiss education system must find a way to meet the challenge represented by immigrant pupils (OFS and CDIP, 2005) . Also Switzerland is thus a useful benchmark for other countries where immigration is an important issue.
The Swiss education system
Switzerland is a federal state composed of 26 Cantons. Three official languages are traditionally spoken in different regions of the country 1 : German, spoken by around 60% of the population, mainly in the 19 officially German-speaking Cantons; French, spoken by around 20% of the population, mainly in the 6 officially French-speaking Cantons; Italian, spoken by around 7% of the population, mainly in the only one officially Italian-speaking Canton.
2 The main responsibility for education lies with the 26 Cantons that compose the country (these Cantons enjoy even more autonomy than U.S. States or German Länder). This decentralized structure implies that each Canton deals with its region-specific school traditions and the cultural differences in a multilingual country. As a results there is not one but rather 26 different educational systems.
An important implication of this relates to the organization of compulsory schooling. The compulsory schooling system is composed of the primary and lower secondary levels. Each pupil begins at the age of 6 and continues school for nine years. In most Cantons, the primary level lasts 6 years (grades 1 to 6) and the lower secondary level 3 years (grades 7 to 9) but in a few of them, the primary level lasts 4 or 5 years and the lower secondary level 5 or 4 years 3 . The lower secondary level provides basic general education and preparation for basic vocational education and training or for transfer to schools providing a general education at the upper secondary level. At the end of compulsory schooling, more than 50% of young people chose a practical vocational training, which lasts up to three or four years.
Another implication relates to the data available for analyzing the Swiss education system. In fact, each Canton is responsible for its own collection of data. As a result there is no systematic evaluation at the country level at the end of compulsory school (such as central exit examination like the Brevet des collèges in France or the General Certificate of Secondary Education (GCSE) in the United Kingdom) and most of the data available comes from data at the Cantonal level aggregated at the national level by the Federal Statistical Office (FSO) . No database offers the possibility of analyzing the specific case of the Swiss education system at the national level. In order to fill out this gap, Switzerland has participated in international assessment such as TIMSS (Trends in International Mathematics and Science Study, 1995) or PISA (Programme for International Student Assessment, 2000 Assessment, , 2003 Assessment, and 2006 . The PISA 2000 international ranking has produced unexpectedly bad results for Switzerland and triggered a need in the country to investigate its education system.
Data
This study uses individual-level data from the Programme for International Student Assessment (PISA), administered in 2000 by the Organization for Economic Cooperation and Development (OECD, 2002) . PISA 2000 surveyed reading, mathematical and scientific literacy, with a primary focus on reading. The literacy scales in reading, mathematics and sciences are scaled and centered so as to have an average score of 500 points and a standard deviation of 100. Literacy in each domain focused on the student's ability to apply their knowledge and experience to real life situations. In addition to the assessments, PISA 2000 included a student questionnaire (designed to collect information about the student's family and home environment) and a school questionnaire (covering, in particular, issues such as the demographics of the school, school staffing and the school environment). The sampling design is a two-stage stratified sample: a selection of a sample of schools and then a random sample of pupils within each school.
PISA 2000 is an excellent data source with which to analyze the performance of immigrant students because the reading literacy is the key domain being tested. This means that students spent more time for the reading assessment (approximately 270 minutes of testing time) than for mathematics and science assessments (approximately 60 minutes of testing time each). This is particularly important for immigrant's students as language skills and reading literacy skills are strongly related.
In addition, Switzerland included a national option to the PISA international database. While the PISA international database is an age-based sample (15-year-old students), the national option surveys grade 9 students (the last year of compulsory school) and over-sample them in some parts of the country. 4 We use the PISA national database because test scores for pupils in the same grade are more relevant to study the type of questions addressed in this paper. Moreover, the national sample size is bigger (7997 students) than the international dataset (6100 students). We restrict the original national sample to the students who did answer the questions relative to their immigration status and/or to the students attending schools in which at least 8 students have been sampled for the PISA survey. In total, 207 students have been excluded (i.e. 2.6% of the original national sample). Therefore, the reference sample used for the empirical part of the paper consists of 7790 students in 229 schools.
Finally, we use two different samples for mathematics literacy (4328 students) and science literacy (4334 students). These samples are smaller because while each student has been assessed in the reading domain, only a subset of students was assessed in mathematics and/or science.
Definition of immigrant status
The background questionnaire of the PISA survey does not ask any question about citizenship. However, one set of questions asks about the countries of birth of the pupil, his mother and his father separately (OECD, 2002) . Unlike most citizenships, the Swiss one is acquired through the "right of blood" (Jus sanguinis), namely, it is not determined by the place of birth (Jus soli). Table 1 presents the definition of immigrant status. Pupils have been dividing into three groups: Swiss or native (child with at least one parent born in Switzerland, no matter where the pupil was born), second-generation immigrant (child born in Switzerland with both parents born abroad) and first-generation immigrant (child born abroad with both parents born abroad). Based on this definition, the Swiss students represent 79.6% of our sample, secondgeneration immigrants 9.3% and first-generation immigrants 11.1%. Table 2 describes the country of birth for the students and their parents. In our sample of 7790 students, the majority of Swiss were born in Switzerland (97%) while very few were born abroad (3%). Among immigrant students, the countries of origin differ considerably between second and first-generation but most of the time, both parents were born in the same country. Second-generation immigrants are most likely to come from Italy, Spain, France or Germany (in almost one out of two cases) while first-generation immigrants are most likely to come from former Yugoslavia, Albania or Kosovo (in fifty percent of cases). All students have been residing in Switzerland for at least 12 months.
Descriptive statistics
The reading, mathematics and science achievement distribution by immigrant status for the 9 th graders are presented in Figures 1 to 3 . Students obtain on average 499 points in reading literacy, 536 points in mathematics literacy and 498 points in science literacy. Both first and second-generation students score significantly below their Swiss peers. Compared to the Swiss students, second-generation immigrants perform on average 54 points below in reading, 63 points below in mathematics and 66 points below in science. First-generation immigrants perform on average 94 points below in reading, 87 points below in mathematics and 99 points below in science.
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The literature on education and migration generally focuses on three assumptions to explain why immigrants' students perform poorly in a host country compared to the native students. First, the language hypothesis suggests that immigrant students perform worse because they don't speak the language of the test at home. However, existing empirical evidence is not unanimous on this. Using PISA 2000 in nine countries (France, Finland, Germany, United Kingdom, Sweden, Australia, Canada, New Zealand and the US), Entorf and Minoiu (2005) find that migrant students improve significantly their reading proficiency scores when the language spoken at home is the national language as opposed to some foreign language. Using three international databases (TIMSS 1995 and 1999 , PIRLS 2001 6 and PISA 2003) in ten OECD countries (Germany, Switzerland, Netherlands, Sweden, France, USA, UK, New Zealand, Australia and Canada), Schnepf (2007) finds that language skills seem to explain immigrants' disadvantage in English-speaking countries whilst socioeconomic background and school segregation are further important determinants of immigrants' gap in Continental Europe. However, as mentioned before, the international sample lumps together students from different grades (7 to 9) because of the decentralized structure of the Swiss educational system. Then, one should be cautious in interpreting results that use the international sample in the case of Switzerland. The weighted summary statistics of the PISA national sample are presented by immigration status in Table 3 . While 94% of the Swiss report speaking the language of the test at home (e.g., either French in the Frenchspeaking part, German in the German-speaking part or Italian in the Italian speaking-part), this is the case for only 36% of second-generation immigrants and 19% of first-generation immigrants.
Second, the background hypothesis states that immigrants' students perform worse because they have a detrimental socio-economic background relative to the native students. Using the 2000 PISA database for Germany, Ammermueller (2007) analyses the gap in test score between natives and immigrants. Whilst the author does not distinguish between first and second-generation immigrants, he argues that German students perform better than immigrants because they have a more favourable family background, particularly in the lower part of the test score distribution. In the literature, a mother's education has been found to relate positively with her children's achievement (Leibowitz, 1974; Murnane et al., 1981) . Moreover, parental education is also a way to control for potential intergenerational educational transmission (Gang and Zimmermann, 2000; Belzil and Hansen, 2003) . In Switzerland, Bauer and Riphahn (2007) investigate the patterns of intergenerational education transmission for natives and second-generation immigrants with the 2000 Census. They find that children disadvantaged by parental background have only limited opportunities to catch up educationally. Evidence also shows that children who grow up in a low-income family tend to have lower educational attainments (Haveman and Wolfe, 1995) . In our sample, 56% of mothers of Swiss students have successfully completed post-compulsory studies when only 32% of second-generation immigrants' mothers and 24% of first-generation immigrants' mothers fulfill this criterion.
7 Since parental income is not available in the PISA database, we use the International Socio-Economic Index of Occupational Status (ISEI) 8 as a proxy. ISEI is derived from student responses on parental occupation. Value on the index range from 16 to 90; low values represent low socio-economic status while high values represent high socioeconomic status. Finally, in order to control for home resources we also use the number of books at home as a proxy for family expenses in cultural goods.
Third, the environment hypothesis argues that immigrants' students perform worse because they do not attend the same learning environment as their native counterparts (Entorf and Lauk, 2008) . Though this is still being debated, recent empirical evidence tends to confirm that school inputs can influence achievement (Rivkin et al., 2005) . School inputs include a measure of school size (the full number of pupils registered in the school) and a proxy for class size (the school/teaching staff ratio). Teacher input includes the proportion of teachers with an ISCED 5 in pedagogy.
9 Inputs related to environment of the school are the degree of urbanization of the school location and sub-national entity dummies (e.g. Cantons). All these variables are at the school level. The information is extracted from the school questionnaire completed by school principals. Even if the students do not have the choice for the school in Switzerland, descriptive statistics show that immigrants are on average more likely to frequent bigger schools, less likely to have a teacher with an ISCED 5 in pedagogy and more likely to concentrate in schools located in towns or cities. 10 Finally, we include traditional individual characteristics such as the student's gender and his age.
11 Available evidence shows a gender gap in achievement that is generally in favor of 7 In the student's questionnaire, two questions are related to the mother's education (and the same questions for the father). The first question is about the mother's secondary education and students have the choice between: 1) none (did not go to school), 2) completed primary education (4 to 6 years of schooling), 3) completed lower secondary education (7 to 9 years of schooling), 4) completed vocational or prevocational upper-secondary education or 5) completed upper secondary education. The second question is about the mother's tertiary education and students have the choice between: 1) yes or 2) no. Because some inconsistencies appear among the answers of those two questions, only the answers related to the mother's secondary education are used in the analysis. 8 For more information on the methodology, see Ganzeboom et al. (1992) . 9 ISCED (International Standard Classification of Education) level 5A is the first stage of tertiary education. 10 The proportion of foreign-born population varies widely from one area to another, in particular according to the degree of urbanization: from 8% (Uri) to 38% (Geneva). It is particularly high in large cities (OFS, 2005) . Uri is a rural Canton (Altdorf, the local capital, has a population of 8517 habitants) and Geneva is almost fully urbanized. 11 In the student questionnaire, the question regarding age is: "which is your day, month and year of birth"? There is also a question regarding the length of residence in Switzerland: "how long have you been living in Switzerland (in years)"? First, the variable related to age has 35 missing values while the variable related to the female students in reading and of male students in mathematics and science (Marks, 2008 ; Guiso et al., 2008) . Since all students are in grade 9, age allows us to control for repeating a scholar year. We introduce the family structure and the number of sibling to control for family size effects (Wolter and Coradi Vellacott, 2003) .
Our analysis suffers from some data limitations. First, not all factors important for the explanation of reading, mathematics and science literacy can be taken into account. For example, we would like to capture the effects of the composition of schools in terms of migrant population. Unfortunately, information related to the peers at class or school level is not available. Second, missing values are an important feature of the data. Table 3 reports the percentage of missing values for each variable used in the estimations. While some variables such as gender have no missing values, others such as the education level of parents or some school characteristics have a substantial number of missing values. Ideally, we would like to minimize attrition especially, if it is correlated with the immigration status. For that reason, we work with two samples. In a first sample (sample 1), we flag the missing values in order to keep the sample size as large as possible while in a second sample (sample 2), we run regressions only for students who did answer to all questions of interest. Third, ideally we would like to exploit the heterogeneity of the education system among Cantons. By design, the national sample allows comparisons among the three linguistic regions (German, French, Italian) but not among the 26 Cantons. This is because the subsamples are meant to be representative at the linguistic level but not at the Canton level. We do, however, control for unobserved Canton characteristics by including Canton dummies in some regressions.
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Empirical strategy
The achievement of a given student at a particular point in time is a function of the cumulative inputs of family, peers or other students, and school and teachers (Hanushek, 1986) . Unfortunately, while the PISA 2000 study contains detailed information about the student's family and school characteristics, some inputs are unobservable or missing. The use of proxy variables allows to accounting (at least in part) for unobservable characteristics. They must be correlated with omitted inputs to diminish omitted variables bias (Todd and Wolpin, 2003) .
We use educational production functions (EPF) to estimate the impact of aforementioned characteristics on individual test scores. The impact of individual, family and institutional characteristics on individual pupils can be measured by an education production function in its general form as follows: (1) where " " represents a schooling output measure for the th student ( =1,…, ), is a vector of coefficients, is a vector of individual characteristics (immigration status, age, language spoken at home and gender), family background (family structure, number of siblings, parental level of education, ISEI score and number of books at home), school characteristics (school size, school/teacher ratio and the proportion of teachers with a ISCED length of residence has 380 missing values. Second, age is more precise (day, month, year) than the length of residence (years). Third, age and length of residence should be equal (if the pupil is born in Switzerland) or greater (if the student is born abroad and has move to Switzerland later in his life) but cannot be lower (a student cannot be stayed more months in Switzerland than his age). However, we observe that almost one third (2616 out of 7790 students) declare having an age lower than their length of residence. For all these reasons, the variable "length of residence" is too noisy to be useful and we do not use it as a control. 12 Note that two Cantons (Appenzell inter Rhodes and Uri) did not participate to the PISA 2000 assessment. 5 level in pedagogy) and school environment (school location and Cantons) and is the error term. Table 4 reports the association of immigrant status and reading, mathematics and science literacy in grade 9, with no additional controls in the model. Not surprisingly, immigrants perform worse than the Swiss. Moreover, first-generation immigrants are more disadvantaged than second-generation immigrants. The inclusion of school fixed effects (to control for unobserved characteristics) tends to reduce the coefficient of immigrant status, implying that immigrants are located in schools with lower average performance. Table 5 reports regression results with additional controls for individual characteristics, family background and school characteristics. Results show that the impact of immigrant status is substantially smaller for both second and first-generation immigrants but remains sizeable for first-generation immigrants in reading (-4.5%), mathematics (-6%) and science (-7.7%). Gender also plays a significant role in achievement. Females obtain better results in reading literacy (+3.4%) than their male counterparts but perform worse in mathematics literacy (-4.8%) and science literacy (-4.5%). Age is negative and significant. In addition, we may be under-estimating the effect of age as those with missing values on this variable (14% of our sample in reading) have significantly lower test scores. Speaking the language of instruction at home is associated with significantly higher scores (+4.4% in reading, +4.4% in mathematics and +4.2% in science).
Results
Do immigrant students perform worse because they don't speak the language of the test at home?
While the language spoken at home may be the result of an educational family choice for many Swiss or second-generation students, this is certainly not the case for firstgeneration immigrants. In order to disentangle the specific effect of not speaking the language of the test at home for immigrant students, we also run the estimates with an interaction term between the immigrant status and the language of the test. We report the results with the interaction variable between the first-generation immigrants and the language spoken at home in Table 6 and those with the interaction variable between the second-generation immigrants and the language spoken at home, in Table 7 . In both case, all the coefficients associated to the immigrant status and the language spoken at home remain significant and consistent while the interaction terms are not significant in reading and mathematics. These results argue that speaking another language than the language of the test is not more penalizing for immigrant students.
When we explore the role of family backgrounds and their association with performance, the results indicate the importance of family structure (+1.6% in reading if the student lives in a nuclear family) and the number of siblings (-1.2% in reading for each added sibling). The education of the mother is positive and significant especially when she completed a degree higher than lower secondary (+6.2% in reading if the mother completed an upper secondary level). The results for the education of father are not significant (except in reading for vocational or prevocational upper secondary) but the proxy for the economic situation of the family (ISEI) is positive and significant. Finally, the number of books at home is also positive and significant (+11% in reading if the number of books at home is 501 or plus compared to having between none and 10 books at home). The returns to the number of books at home should also be taken with caution as the immigrants' families are probably less likely to have many books at home if they have moved to Switzerland recently.
Do immigrant students perform worse because of their socio-economic background?
There is no reason to expect a stronger effect of the mother's education on immigrants than on natives. However, the returns to the mother's education must be taken with caution as having achieved an upper secondary level in a foreign country might mean something different from having achieved the same attainment level in Switzerland. To test this idea, we run separate specifications in which we add an interaction term between the immigrant status (firstgeneration and second-generation separately) and the variables used as proxy for the family background (only the significant one in Table 5 ). The results (not reported) confirm our expectation as the interaction terms with the family structure, mother's education, ISEI or the number of books at home, are all non significant. By contrast, the interaction variable between the first-generation immigrant and the number of siblings is negative and significant for reading and mathematics literacy (see Tables 8 and 9 ). It means that having one more sibling for a first-generation immigrant has a negative impact on reading or mathematics literacy. The main effect of being a first-generation immigrant is no more significant in this case. This result suggests that the size of the family is particularly penalizing for firstgeneration immigrant and that first-generation immigrants belong to large families.
Further analyses were finally conducted to examine the role of school characteristics and of the school environment. Studying in a school with a high proportion of teachers with an ISCED 5 level in pedagogy has a massive positive impact on literacy (+15.5% in reading, + 14.6% in mathematics and +16.7% in science). Moreover, we may be under-estimating the effect of the proportion of teachers with an ISCED 5 in pedagogy as students with missing values on this variable (12% of our sample in reading) have significant higher test scores. The proportion of teachers with an ISCED 5 in pedagogy may be endogenous if the decision taken by a higher educated teacher to teach in a specific school is correlated with unobservables that affect test scores. Descriptive statistics show that higher educated teachers are more likely to teach in large towns than in villages or small towns or in French-speaking Cantons than in German or Italian-speaking Cantons but there is no such pattern with the school size or with the school teacher ratio. Therefore, we also run equation (1) with an interaction term between the immigration status and the proportion of teachers with an ISCED 5 in pedagogy but the interaction variable is not significant.
Finally, the school size and the school size/number of teachers' ratio have a significant but minor impact. The school location is not significant and the results about Cantons are difficult to interpret but we include them as a control for unobserved characteristics related to Canton specificities.
Robustness checks
These results are robust to a number of specifications. First, we re-estimate equation (1) with the Balanced Repeated Replication (BRR) procedure recommended by the OECD. This procedure does not change the coefficients but increases the standard errors. Second, we reestimate equation (1) with linguistic region dummies instead of the Cantons. Compared to students in German-speaking Cantons, those in French-speaking Cantons perform significantly worse (Italian-speaking Cantons is not significant). Third, we finally re-estimate equation (1) with a restricted sample (i.e. sample 2). The sample sizes are indeed smaller and consist of 5774 students for reading literacy, 3187 students for mathematics literacy and 3221 students for science literacy. All results confirm the qualitative findings obtained with the previous estimations.
The achievement gap between Swiss and immigrant students in reading literacy
We focus now on the achievement gap in literacy between the Swiss and the immigrant students. First, the analysis of the impact of immigrant status on achievement provide interesting but insufficient explanations for understanding the sources of achievement gap between natives and immigrants. Second, it is not clear so far whether the achievement gap between natives and immigrants is constant along the distribution of test scores. This is important as the impact of immigrant status is generally analysed at the mean only.
Some studies provide alternative strategy for analyzing achievement gap along the distribution. In a cross national context, Schnepf (2008) examines the immigrants' educational disadvantage in eight high immigration countries (Australia, Canada, Germany, New Zealand, Sweden, Switzerland, UK and USA). Using quantile regression, the author argues that language skills impact more on educational achievement at lower percentiles than at the top of the achievement distribution. Using an extended version of PISA 2000 data for Germany, Ammermueller (2007) focuses on student performance of natives and immigrants with the so called Juhn, Murphy and Pierce (JMP) decomposition. Using a specific PISA 2000 sample for Copenhagen (Denmark), Rangvid (2007) focuses on the potential sources of immigrant-native test score gap. Analyzing the raw ethnic test score gap, the author finds that schools attended by immigrant students have less well developed culture of achievement. Figure 4 plots the reading literacy score gap along the distribution. In this section, we focus only on the reading literacy for sample size reasons as discussed above. The dotted line plots the reading literacy score gap between Swiss and first-generation immigrants on the y-axis against the percentile of each distribution on the x-axis. The score gap between Swiss and first-generation immigrant students is much higher for the weakest pupils (about 105 points for the 5 th percentile) than for those at the top of the distribution (about 66 points for the 95 th percentile). Moreover, while the gap remains more or less constant for the first half of the distribution (between 100 and 105 points), it decreases in the second half. We observe a similar pattern for the score gap between Swiss and second-generation immigrants (plain line of Figure 4 ). However, the gap is smaller: around 60 points in the first half of the distribution, then decreasing to about 40 points at the end of the distribution. Overall, these results suggest that migratory origin is less penalizing for good students.
Graphic analysis of achievement gap
Empirical strategy
The empirical strategy used in this section is the methodology introduced by Juhn, Murphy and Pierce (1993) because it has two advantages. First, this technique measures the decomposition of between-group differences in the full distribution rather than at the mean only. Second, the JMP methodology allows for an exhaustive decomposition of the differential of test scores between Swiss and immigrants into elements driven by individual characteristics, elements driven by different returns to these characteristics and 'unobservables'. The working hypothesis for the empirical strategy so far has been that students across the two groups (Swiss vs. immigrant) are identically treated by the educational system. Then, we would expect to find that the score differential between a native and an immigrant student is entirely attributable to differing endowments.
To test the assumption according to which coefficients are different between the two distinct demographic groups, we estimate equation (1) 
where is the inverse cumulative residual distribution.
In this framework changes in inequality in terms of the score gap come from three sources: changes in the ‛quantities' of individual characteristics (Z's), changes in the ‛prices' of observables characteristics (β's) and changes in the distribution of the residuals (u).
13 Using the estimated coefficients from equations (2), we can determine the actual distribution of reading scores and two hypothetical distributions for each considered groups:
Equations (4a) and (4b) show the actual distributions for natives and immigrants with varying quantities ( 's), varying prices ( 's) and a varying residual distribution ( ). Equation (5) shows the hypothetical outcome with varying quantities but fixed prices and a fixed residual distribution.
14 This equation states what the distribution of the scores of immigrants would be if they used the education production process of natives and drew their residuals from the natives' residual distribution. Equation (6) shows the hypothetical outcome with varying quantities, varying prices but with a fixed residual distribution. This equation illustrates what the distribution of the scores of immigrants would be if their residual distribution were identical to that of the natives.
The total difference can be attributed to differences in observable quantities or characteristics effect, differences in observable prices or return effect and differences in unobservable quantities and prices or residual effect. The effect of characteristics is the difference between the test score distribution for A1 and H1 while the return effect is the difference between the test score distribution for H1 and H2. Finally, the residual effect if the difference between the test score distribution for H2 and A2.
Results
We first present the results for the total score gap between Swiss and second-generation immigrants. Figure 5 breaks down the total score gap between Swiss and second-generation immigrants into the characteristics effect, the return effect and the residual effect (for detailed results, see Table 10 ). If the structure of both groups was the same for observable characteristics, any score differential could only result from differences in the return of these characteristics (or from a difference in the residual effect). Conversely, if the return was similar then the score differential would result entirely from characteristics effect. The total reading literacy score gap between Swiss and second-generation immigrants is almost entirely explained by differences in endowments (89.5% on average). Moreover, this is the case all along the distribution, meaning there is no difference between the weakest (i.e. the lower half of the distribution) and the best students (i.e. the upper half of the distribution). Figure 6 illustrates the total score gap between Swiss and first-generation immigrants. On average, the total score gap is also mainly explained by differences in endowments between Swiss and first-generation immigrant (82%). However, differences in endowments are less important for explaining the reading score gap in the lower half of the distribution (from 66% for the 5 th percentile to 86% at the median). Indeed, the return effect accounts for around one quarter of the total score gap for the two lowest percentiles (i.e. 5 th and 10 th ). This result means that one part of the total score gap for the weakest students comes from the fact that the individual characteristics of first-generation immigrant yield lower return.
Different reasons can be advanced to explain the importance of the return effect for the weakest student in reading literacy. For example, some variables, such as the mother's education, are not measuring the same effect for Swiss and first-generation immigrants. This could be the case if the schooling level achieved in a foreign country by an immigrant's mother is not equivalent to the same schooling level achieved in Switzerland by a Swiss mother. Another could be that differences in treatment exist between Swiss and firstgeneration immigrants in the schooling system. Unlike at primary school, the students are oriented across different streams according to ability and learning at the beginning of the secondary (i.e. grade 7). Almost all secondary schools in Switzerland have different types of secondary education or offer a combination of different streams in different fields. Due to the decentralized structure of the educational system, the Cantonal combinations are grouped at national level into five lower secondary school types: school preparing for university entry, streams with wider demands, streams with basic demands, streams without selection and special education programs. Not all Cantons offer all these five categories (e.g. only four Cantons offer streams without selection). Descriptive statistics based on our national sample (i.e. 7790 students) show that most students attend streams with wider demands (37.83%), followed by streams with basic demands (27.32%), schools preparing for the university entry (22.27%), streams without selection (12.11%) and special education programs (0.47%). However, we observe huge difference between Swiss and immigrants. The Swiss are more likely to attend the "best streams" (40.74% attend streams with wider demands and 23.98% attend school preparing for the university entry) than second-generation immigrants (31.25% and 19.31% respectively) and first-generation immigrants (21.66% and 12.03% respectively). If immigrant students are systematically oriented to lower streams, this can explain why some of their characteristics yield to lower returns. Obviously, this argument needs further investigation and requires longitudinal database in order to analyze how immigrant students (especially first-generation immigrants) are oriented and integrated into the Swiss educational system. Finally, in both cases, the residual effect has the smallest effect (between 0.4% and 0.8% on average). Along the distribution, its impact remains small (around +5% for the 5 th and 10 th percentiles) and becomes negative at the 75 th percentile. This result means that unobserved quantities and prices are decreasingly important when we move along the distribution.
Robustness checks
Our results are sensitive to the specifications we use for the estimations as the JMP decomposition uses in particular the β's estimated separately for Swiss and immigrants (first or second-generation). We re-estimate the JMP decomposition between Swiss and firstgeneration immigrant with the individual characteristics, the family background and the school's characteristics separately. Results with individual characteristics only (age, gender and language spoken at home) show that differences in returns explain 2/3 part of the total score gap in reading literacy against 1/3 for the characteristics effect. This is the case all along the distribution but particularly so in the upper half of the distribution.
Results with family background variables only (family structure, number of siblings, parental education, ISEI and number of books at home) show that total score gap in reading literacy is half explained by differences in endowments (characteristics effect) and half explained by differences in return of these characteristics (return effect). However, the return effect dominates the characteristics effect for the lowest percentiles (5 th and 10 th ) and for the upper percentiles (90 th and 95 th ).
Results with school characteristics only (school size, school/teacher ratio, proportion of teacher's with ISCED 5 in literacy and Cantons) show that differences in returns explain the most part of the total score gap in reading literacy (i.e. 4/5 against 1/5 for the characteristics effect).
Finally, we re-estimate the JMP decomposition with the restricted sample (sample 2). The results confirm findings obtained with the larger sample (sample 1).
Conclusion
The primary purpose of this research is to investigate the impact of immigrant status on reading, mathematics and science literacy for Switzerland. Based on the national option to the PISA 2000 database, the results show that immigrant students perform less than Swiss students even after controlling for individual characteristics, family background and school characteristics. The negative impact of immigrant status is more important for first-generation immigrants than for second-generation immigrants.
The use of interaction terms between immigrant status (second-generation and firstgeneration separately) and some other variables of interest sheds light on interesting patterns allows refining the results. First, speaking a language at home different from the language of the test is no more penalizing for immigrant students than for the Swiss. Second, among the socioeconomic characteristics of first-generation immigrants, only the number of siblings is particularly penalizing. These results suggest that poor results of immigrant students in Switzerland are the result of a set of characteristics (such as lower language skills, less educated parents, lower family income, etc.) rather than the immigrant status by itself.
The second purpose of this research is to investigate the achievement gap in literacy between Swiss and immigrant students. This way, we examine the hypothesis according to which lower performance of immigrant students are generally attributed to lower endowments. Using the Juhn, Murphy and Pierce decomposition permits analyzing betweengroup difference in the full distribution rather than at the mean only (as in the first part of the paper). This is important as the achievement gap between Swiss and immigrants is decreasing along the distribution of scores.
Two noteworthy features of the composition of the gap emerge. First, lower endowments explain on average almost 90% of the achievement gap in reading between Swiss and secondgeneration immigrants. Moreover, there is no difference between the weaker and the better half of students. Second, lower endowments explain the most part of the achievement gap between Swiss and first-generation immigrants (around 82%) at the mean. In that case however, lower returns explain around one quarter of the achievement gap for the weakest pupils (i.e., the two lowest percentiles).
The fact that the reading score gap of the weakest students can be to some extent explained partly by lower returns for first-generation immigrant students raises the question of educational segregation. Educational segregation tends to keep apart immigrant people in specific class, streams or schools of lower quality. Actually, descriptive statistics show that immigrants are less likely to attend the "best streams". To unveil the mechanisms of this pattern of schooling segregation, a longitudinal database with individual characteristics is needed; unfortunately, this dimension is not available in the PISA database. We leave this important question for further research. Source: PISA 2000 (national sample). Notes: dependant variables are test scores in reading literacy (columns 1 and 2), mathematics literacy (columns 3 and 4) and science literacy (columns 5 and 6). All observations are weighted with the students' weight. Clustered robust standard errors (at the school level) are in parentheses. *: significant at 10%; **: significant at 5%; ***: significant at 1%. Source: PISA 2000 (national sample). Notes: dependant variables are test scores in reading literacy (columns 1 and 2), mathematics literacy (columns 3 and 4) and science literacy (columns 5 and 6). All observations are weighted with the students' weight. Clustered robust standard errors (at the school level) are in parentheses. *: significant at 10%; **: significant at 5%; ***: significant at 1%. Source: PISA 2000 (national sample). Notes: dependant variables are test scores in reading literacy (columns 1 and 2), mathematics literacy (columns 3 and 4) and science literacy (columns 5 and 6). All observations are weighted with the students' weight. Clustered robust standard errors (at the school level) are in parentheses. *: significant at 10%; **: significant at 5%; ***: significant at 1%. Source: PISA 2000 (national sample). Notes: dependant variables are test scores in reading literacy (columns 1 and 2), mathematics literacy (columns 3 and 4) and science literacy (columns 5 and 6). All observations are weighted with the students' weight. Clustered robust standard errors (at the school level) are in parentheses. *: significant at 10%; **: significant at 5%; ***: significant at 1%. Source: PISA 2000 (national sample). Notes: dependant variables are test scores in reading literacy (columns 1 and 2), mathematics literacy (columns 3 and 4) and science literacy (columns 5 and 6). All observations are weighted with the students' weight. Clustered robust standard errors (at the school level) are in parentheses. *: significant at 10%; **: significant at 5%; ***: significant at 1%. Source: PISA 2000 (national sample). Notes: dependant variables are test scores in reading literacy (columns 1 and 2), mathematics literacy (columns 3 and 4) and science literacy (columns 5 and 6). All observations are weighted with the students' weight. Clustered robust standard errors (at the school level) are in parentheses. *: significant at 10%; **: significant at 5%; ***: significant at 1%. 
